This report describes delayed myoglobinuric capture myopathy in a striped dolphin (Stenella coeruleoalba) found stranded alive on the coast of Fuerteventura (Canary Islands, Spain). The animal was transported to Gran Canaria where it died 48 hr after stranding. The main lesions consisted of acute rhabdomyolysis affecting both cardiac and skeletal muscles, and myoglobinuric nephrosis. Using immunohistochemistry, degenerate myofibers with depletion of myoglobin, and an intracytoplasmatic immunoreaction for fibrinogen were observed. Orange-red pigmented casts in renal tubular lumens were strongly immunolabeled for myoglobin. To our knowledge, this is the first pathologic description of capture myopathy with myoglobinuric nephrosis in stranded cetaceans. Stress, exertion, trauma, and crush injury caused during the stranding, restraint, and transportation were the main causes of rhabdomyolysis in this case.
Capture myopathy (CM) is a metabolic muscle disease described in wild mammals associated with stress of capture, restraint, and transportation. Four clinical syndromes are associated with CM: capture shock, ruptured muscle, ataxic myoglobinuric, and delayed peracute (Spraker, 1993) . Ataxic myoglobinuric and delayed peracute syndromes occur most commonly, and pathologic findings include mild to moderate rhabdomyolysis affecting the cardiac and skeletal muscle. Moreover, in ataxic myoglobinuric syndrome, renal lesions have been described consisting of moderate to severe tubular necrosis with intratubular protein casts; the urinary bladder usually contains a small amount of brownish urine (Spraker, 1993) .
Stress, exertion, and crush injury are well-documented causes of rhabdomyolysis, but other causes, such as procedures that involve long periods of restraint, struggling from unnatural positioning, or lengthy pursuit during capture, are also major factors in the development of CM in wildlife (Williams and Thorne, 1996) .
Capture myopathy has been documented in ungulates, carnivores, rodents, primates, marsupials, pinnipeds, and birds. Previous studies in cetaceans have demonstrated hematologic changes indicative of activation of the hypothalamicpituitary-adrenal axis and muscle damage in response to capture stress (St. Aubin and Geraci, 1989 ). In 1978 , Colgrove (1978 reported a suspected transportation-associated myopathy in a bottle-nosed dolphin based on increased serum enzyme activities. However, descriptions of the pathologic features of myoglobinuric CM in stranded dolphins appear to be lacking.
We describe the gross and histopathologic features of CM in an active stranded striped dolphin (Stenella coeruleoalba). Acute rhabdomyolysis affecting both cardiac and skeletal muscles and myoglobinuric nephrosis were the distinctive lesions. Stress, trauma, and excessive activity as well as prolonged muscle compression during the stranding, restraint, and transportation are considered to be the most probable causes of muscular damage.
On 20 November 2004, a live adult male striped dolphin was found stranded on the coast of Fuerteventura (Canary Islands, Spain, 28u449N, 13u529W). The animal was in good body condition and kept in a private swimming pool until transported by car and helicopter to the Wildlife Rescue Center facilities in Gran Canaria. The animal died 48 hr later, without specific clinical signs; a complete necropsy was done within 2 hr of death at the Veterinary College in Gran Canaria.
At necropsy, the heart had multiple, locally extensive, pale, whitish subendocardial areas in the ventricular myocardium. Kidneys were deeply dark, whereas the urinary bladder was empty. No gross lesions were detected in skeletal muscles. Other gross lesions included a rostral mandibular fracture with loss of soft tissue from the nose caused during the stranding, mild multifocal granulomatous verminous pneumonia, moderate peritoneal parasitism (Monorigma grimaldi), small intestine catharral enteritis, and multifocal parasitic cholangitis (Campula sp).
Selected tissue samples were collected, fixed in 10% neutral buffered formalin, and embedded in paraffin wax, and sections (4 mm) were stained with hematoxylin and eosin, PTAH, and Masson's trichrome techniques. In addition, immunohistochemical examination was performed on cardiac, skeletal muscle, and renal tissue sections using the avidinbiotin-peroxidase method (Vector Laboratories, Burlingame, California, USA). Primary antibodies consisted of rabbit antihuman myoglobin diluted to 1:2,000, rabbit antihuman fibrinogen diluted to 1:200, and rabbit antihuman Heat Shock Protein 70 (HSP70) diluted to 1:100 (Dako, Glostrup, Denmark). Tissue sections in which the primary antibodies were replaced by phosphate-buffered saline or nonimmune serum (rabbit or mouse) were used as negative controls. Kidney and skeletal and cardiac muscle tissue sections from horses with exertional rhabdomyolysis were used as positive controls.
Histopathologic examination of the myocardium revealed multiple, locally extensive areas of acute myocyte degeneration. Myocyte changes consisted of cytoplasmic eosinophilia, loss of cross striations, cytoplasmic fragmentation, myocytolysis, and nuclear condensation (Fig. 1) . Limited to the immediate subendocardial regions, scattered myocytes had dense, hypereosinophilic bands running transversely across the cytoplasm (Fig. 1, inset ), which were indicative of contraction band necrosis. Immunohistochemically, degenerate myocytes had depletion of myoglobin (Fig. 2a) and an intense cytoplasmic immunoreaction with antifibrinogen antibody (Fig. 2b) . A strong, homogeneous immunoreaction with antimyoglobin antibody was detected in the intravascular plasma of medium-to small-size vessels in the affected areas. Similar degenerative changes were de-FIGURE 1. Heart: Myocytes have acute degenerative changes characterized by cytoplasmic fragmentation and myocytolysis (hematoxylin and eosin method). Inset: Subendocardial myocytes with contraction band necrosis (Masson's trichrome method). tected in skeletal muscles including depletion of myoglobin and a cytoplasmic immunoreaction for fibrinogen. Renal lesions consisted of extensive swelling of renal tubular cells and pigmented orangered, homogeneous intratubular casts (Fig. 3) . Granules, droplets, and casts in Bowman's space, tubular lumens, and cytoplasm of degenerate tubular cells were strongly labeled by the antimyoglobin antibody (Fig. 4a) . In addition, some of these degenerate cells had a granular cytoplasmic immunoreaction for HSP70 (Fig. 4b) . No other lesions were observed.
Capture myopathy is an acute disease characterized by rhabdomyolysis and renal tubular necrosis that occurs in wild animals hours or days following a chase, a struggle, or transport. No specific clinical signs indicative of rhabdomyolysis were detected in this case, and the animal died 48 hr after the stranding. Although CM can cause depression, hyperthermia, ataxia, torticollis, and myoglobinuria, in many cases, the disease is asymptomatic and only laboratory abnormalities are detected (Spraker, 1993) . Myoglobinuria is the central element in the development of rhabdomyolysis-induced acute renal failure, and it is frequently considered to be the first clinical sign indicator of myoglobinuric nephrosis. However, the gross diagnosis of CM in cetaceans can be complicated because the urinary bladder of cetaceans usually is devoid of urine at necropsy, they urinate in the aquatic environment, making visualization of the urine difficult, and the kidneys usually are deeply dark secondary to vascular compromise.
Myocardial lesions consisted of multifocal degenerative changes and subendocardial areas of contraction band necrosis. Contraction band necrosis develops after transient ischemia and reperfusion, and it is the characteristic myocardial lesion associated with elevated concentrations of endogenous catecholamines (Jiang and Downing, 1990 ). This lesion is recognized in wide clinical circumstances, including stress and trauma, and it has been implicated as a mechanism of sudden death in these situations. Similar cardiac lesions described in stranded cetaceans have been attributed to physiologic or psychologic stress related to stranding, injury, or disease (Turnbull and Cowan, 1998) . In addition, the immunohistochemical study revealed depletion of myoglobin and cytoplasmic immunoreaction for fibrinogen, which could indicate hypoxic cellular injury. Fibrinogen and myoglobin have been used as morphologic parameters of early myocardial ischemia. Experimental studies have demonstrated that acute ischemia produces early myocardial cell membrane rupture, causing depletion of cytoplasmic myoglobin and deposition of plasma proteins such as fibrinogen in myocytes (Xiaohong et al., 2002) .
No gross lesions were observed in skeletal muscles, and tissue samples were routinely obtained from superficial portions of the mulitifindus and longissimus muscles just caudal to the dorsal fin. Previous studies have not described pathologic changes in locomotory muscles in dolphins that died during fishing operations (Cowan and Walker, 1979) , which has been interpreted as the usual absence of muscle lesions in the delayed-peracute capture myopathy syndrome (Curry, 1999) . However, histologic and immunohistochemical examination of skeletal muscles in our study revealed similar lesions to those described in the myocardium, indicating ischemic damage. Exertion, trauma, and crush muscular injury during the stranding and transportation are considered to be the main causes of skeletal muscular lysis in our case. The mechanisms underlying exercise-induced rhabdomyolysis remain unclear, but hypokalemia and ischemia appear to be involved (Guis et al., 2005) . In traumatic and crushinduced rhabdomyolysis, the muscles are initially compressed and ischemic, and muscle dysfunction starts to develop only when the animals are evacuated, causing reperfusion of the damaged muscles (reperfusion injury) (Odeh, 1991) . A comparable situation could have happened in our case when the animal was reintroduced into an aquatic medium after the active stranding and transportation.
Regardless of the initiating mechanism, rhabdomyolysis results in the release of muscular cell components into circulation, mainly myoglobin. Myoglobin is an important storage site for oxygen in the muscles of diving marine mammals, and their high muscular concentration is considered to be one of their most important adaptations. However, myoglobin in the locomotory muscles is not homogeneously distributed. Myoglobin is found in greater concentrations in the epaxial than in the hypaxial muscles, with the highest concentrations located in deeper portions close to vertebrae and in the most caudal region closest to the flukes, which produce thrust during swimming (Dolar et al., 1999) . In addition, the rectus abdominis muscle, which is a nonaxial muscle that originates at the pubic symphysis and inserts into the sternum and costal cartilages, has a myoglobin concentration comparable to the epaxial locomotory muscle (Dolar et al., 1999) , and it could have suffered traumatic and compressive injury during the stranding and posterior transportation, contributing to the development of the myoglobinemia in our case. Data related to myoglobin distribution in cetaceans probably should be used to target those groups of muscles likely to be most susceptible to exertional rhabdomyolysis and its consequences for examination.
Rhabdomyolysis can cause the death via several mechanisms, including heart failure, volumen depletion, metabolic acidosis, hypocalcemia, hyperphosphatemia, and disseminated intravascular coagulation. Acute renal failure (ARF) is the most important and frequent complication in rhabdomyolysis, mainly in animals with large muscle masses (Guis et al., 2005) . Renal lesions in this case were similar to those described in other mammalian myoglobinuric nephrosis. Cowan and Curry (2002) reported on a series of dolphins with lesions related to capture and chase during fishery operations; all animals studied had acute necrosis of renal tubules attributed to ischemia but none had intratubular myoglobinuric casts. In this case, immunohistochemistry was useful for demonstrating myoglobin as the origin of the intratubular casts and identifying myoglobinuric-related tubular degeneration. The main pathophysiologic mech-anisms of myoglobinuric ARF include renal vasoconstriction, intraluminal cast formation, and direct heme protein-induced cytotoxicity (Zager, 1996) . In our study, some of the degenerate epithelial tubular cells were immunohistochemically reactive for HSP70. Previous studies have indicated that the immunohistochemical staining of myoglobin and oxidative injuryrelated markers, including HSP70, offers important information for the diagnosis of myoglobinuric-related ARF (Ishigami et al., 2003) .
In conclusion, this study showed that CM should be included in the differential diagnostic of delayed death in active stranded cetaceans, the importance of an exhaustive examination of skeletal muscle in order to find degenerative changes, and the usefulness of the inmunohistochemical demonstration of fibrinogen, myoglobin, and HSP70 as markers of early ischemic muscle damage and myoglobinuric nephrosis in dolphins.
